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Background: Conventional biochemical tests are the standard for the identification of Myco-
bacterium species, but molecular identifications are becoming more prevalent. The rpoB
gene encodes the b-subunit of RNA polymerase and is utilized for the identification of
Mycobacterium species. In the present study, a stepwiseMycobacterium species identification
algorithm using the 16S rRNA encoding gene and rpoB analysis was evaluated for its effec-
tiveness.
Methods: A total of 172 clinical Mycobacterium isolates were tested, and concordant results
were obtained with 108 strains by using the conventional method and molecular methods
(AccuProbe or DDH method).
Results: In these 108 strains, 4 strains were identified by 16S rRNA gene analysis, but rpoB
indicated no identical Mycobacterium species with more than 99% similarity.
The remaining 64 strains were not identified by conventional method and commercial
kits. Forty-two showed concordant results with 16S rRNA and rpoB analysis, and 13 strains
were identified by 16S rRNA gene analysis although rpoB indicated no identical Mycobacte-
rium species. On the other hand, 4 strains included 2 strains of Gordona and 2 strains of M.
celatum type II which were identified by rpoB but not by 16S rRNA gene analysis. Finally, 5
strains could not be identified by analysis of either gene. The rpoB analysis can differentiate
M. kansasii from M. gastri; M. malmoense from M. szulgai; M. abscessus from M. chelonae; M.
peregrinum from M. septicum; M. porcinum from M. fortuitum; and M. farucinogense from M.
senegalense—pairs that are not differentiated by 16S rRNA analysis. Additionally, Nocardia
asteroids, Rhodococcus equi, Gordona aichiense, G. aurantiaca, G. bronchialis and G. terrae are able
to be analyzed by using rpoB.
Conclusions: The 16S rRNA gene identification is a rapid and prevalent method but still has
some limitations. Therefore, the stepwise combination of rpoBwith 16S rRNA gene analysis
is an effective system for the identification of Mycobacterium species.
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culosis because the effective drugs and the significance in
public health are different. Therefore, it is important to iden-
tify Mycobacterium species accurately, promptly and effec-
tively in clinical practice [1,2].
Conventional biochemical identification methods have
been employed as the standard in general laboratories for
quite a long time [3–6]. However, the use of these methods
may result in erroneous identification due to phenotypic vari-
ations of species and variable test conditions. In addition,
these types of tests are time consuming.
Several methods have been recently introduced for Myco-
bacterium species identification. The molecular method is one
of the technologies being applied inmany laboratories. AccuP-
robe (Gen-Probe Inc., San Diego, CA, USA) [7] differentiates
between several species of genus Mycobacterium. The DDH
Mycobacterium (KYOKUTO Pharmaceutical Industrial Co. Ltd.,
Tokyo, Japan) [8] utilizes a DNA probemethod that can identify
18 Mycobacterium species. This test may cover the majority of
pathogens that cause human infections, but unexpected rare
species will not be identified with the kit. The mycolic acid
analysis using high performance liquid chromatography
(HPLC) [9] is also an effective identification method, but it is
unwieldy and difficult to perform in general laboratories.
A molecular identification method using gene similarity
analysis has been developed in recent years [2,10,11]. The se-
quence analysis is easy to carry out even in general laboratory
settings, and the test is very valuable because the results are
rapid and reproducible. It is now common to use the 16S rRNA
coding gene and/or hsp65 [2,12] for the identification of Myco-
bacterium species. Kim et al. reported that rpoB, which en-
codes the b-subunit of DNA-dependent RNA polymerase, is
an effective tool for the identification of Mycobacterium spe-
cies [13–15]. In that report, 47 reference strains were analyzed
and the phylogenetic tree resulted in a species-specific
clustering with rpoB. In this report, a larger rpoB sequence
database was established using 97 species, (111 strains; refer-
ence strains and clinical isolates) (see Table 1) and the
efficiency of 16S rRNA analysis supplemented by analysis of
rpoB for the identification of Mycobacterium species in clinical
isolates was evaluated.Materials and methods
Bacterial strains
Out of a total of 720 acid-fast bacterial strains that were
isolated clinically from 1989 to 2002 and submitted to the
Research Institute of Tuberculosis (RIT) for the identification
of Mycobacterium species, 172 were chosen for the present
study. All 172 strains were initially isolated on Ogawa
medium. All strains were tested by AccuProbe or DDH Myco-
bacterium, conventional biochemical methods and sequencing
of 16S rRNA and rpoB. M. leprae Thai53 was kindly supplied
from Dr. Matsuoka (Leprosy Research Center, National Insti-
tute of Infectious Diseases, Tokyo, Japan). Twenty-two Myco-bacterium species were also kindly supplied by Dr. M.
Tsukamura and H37Rv was provided by Dr. S. Kudoh.
Cultural and biochemical identification
All strains tested were observed for their colony morphology,
growth rate, and optimum growth temperature. The growth
was observed using standard methods on 1% Ogawa med-
ium at 28, 37 and 42 C. If colony growth was observed with-
in 5 days, the strain was classified as a rapid grower.
Similarly, a strain was classified as a slow grower if it took
over 10 days to form visible colonies. Those strains with
growth characteristics falling between these two conditions
were classified as intermediate growers. All strains were
stained using Ziehl–Neelsen (Z–N) staining and checked for
their acid-fastness. The strains were classified as rough or
smooth type based on colony morphology. Pigment produc-
tion was examined using standard methods under incandes-
cent (60 W) light. Standard biochemical methods used were:
nitrate reduction, Tween hydrolysis, urease, niacin accumu-
lation, ethambutol sensitivity, and hydroxylamine sensitivity
for slow growers, and ofloxacin sensitivity, picric acid sensi-
tivity, p-amino salicylate (PAS) degradation, iron uptake, ni-
trate reduction and arylsulfatase activity for rapid growers.
In case of M. tuberculosis complex or M. gordonae, these cases
were tested by AccuProve. In the next step, the other Myco-
bacteria were tested by DDH.
Commercially available test kits
TwoMycobacterium identification kits that are commonly used
in Japan were tested. AccuProbe is a RNA–DNA based identifi-
cation method using acridinium ester labeled cDNA probes.
Probes are available for the identification of M. tuberculosis
complex, M. avium complex, M. gordonae and M. kansasii.
The test was performed according to the manufacturer’s
instructions. Another available commercial kit is DDH Myco-
bacterium. This is a colorimetric microdilution plate hybridiza-
tion method based on DNA–DNA hybridization. Eighteen
reference-Mycobacterium DNAs are immobilized on the micro-
plate and the kit can identify Mycobacterium tuberculosis
complex, M. kansasii, M. marinum, M. simiae, M. scrofulaceum,
M. gordonae, M. szulgai, M. avium, M. intracellulare, M. gastri,
M. xenopi, M. nonchromogenicum, M. terrae, M. triviale, M. fortui-
tum, M. chelonae, M. abscessus, and M. peregrinum at the same
time. This method was also performed according to the
manufacturer’s instructions. The maximum color intensity
at 630 nm indicated the species if it was more than 1.9 times
compared with the negative control value (Escherichia coli) and
the second highest value was less than 70% (relative homo-
logy) of the highest intensity [8,16].
Sequencing of the 16S rRNA coding gene and rpoB
A loopful of bacteria grown on 1% Ogawa medium was sus-
pended in 500 ll of distilled water and heated for 10 min at
95 C in a sterile microcentrifuge tube. The tube was centri-
Table 1 – Mycobacteria and other organisms used for the rpoB sequence database in this study.
Species Strain Species Strain
M. abscessus ATCC19977 M. kubica ATCC700732
M. acapulcensis ATCC14473 M. lactis ATCC27356
M. africanum ATCC25420 M. lentiflavum ATCC51985
M. agri ATCC27406 M. leprae Thai53
M. aichiense ATCC27280 M. madagascariense ATCC49865
M. alvei ATCC51304 M. mageritense ATCC700351
M. asiaticum ATCC25276 M. malmoense ATCC29571
M. aurum ATCC23366 M. marinum ATCC00927
M. austroafricanum ATCC33464 M. microti ATCC19422
M. avium subsp. avium ATCC25291 M. montefirense ATCCBAA-256
M. avium subsp. paratuberculosis ATCC19698 M. moriokaense ATCC43059
M. avium subsp. ‘‘suis’’ ATCC19978 M. mucogenicum ATCC49650
M. avium subsp. silvaticum ATCC49884 M. neoaurum ATCC25795
M. botniense ATCC700701 M. nonchromogenicum ATCC19530
M. bovis ATCC19210 M. novium ATCC19619
M. branderi ATCC51789 M. obuense ATCC27023
M. brumae ATCC51384 M. paraffinicum ATCC12670
M. celatum ATCC51131 M. parafortuitum ATCC19686
M. celatum II ATCC51130 M. perigrinum ATCC14467
M. chelonae chemovar. niacinogenes ATCC35750 M. petroleophilum ATCC21497
M. chelonae subsp. chelonae ATCC35752 M. phlei ATCC11758
M. chitae ATCC19627 M. porcinum ATCC33776
M. chlorophenolicum ATCC49826 M. poriferae ATCC35087
M. chubuense ATCC27278 M. pulveris ATCC35154
M. confluentis ATCC49920 M. rhodesiae ATCC27024
M. conspicuum ATCC700090 M. scrofulaceum ATCC19981
M. cookii ATCC49103 M. senegalense ATCC35796
M. diernhoferi ATCC19340 M. septicum ATCC700731
M. duvalii ATCC43910 M. shimoidei ATCC27962
M. engbaekii ATCC27353 M. shinshuense ATCC33728
M. fallax ATCC35219 M. simiae ATCC25275
M. farcinogenes ATCC35753 M. smegmatis ATCC19420
M. flavescens ATCC14474 M. smegmatis ATCC700084
M. fortuitum subsp. acetamidolyticum ATCC35931 M. sphagni ATCC33027
M. fortuitum subsp. fortuitum ATCC06841 M. szulgai ATCC35799
M. fortuitum subsp. fortuitum ATCC49403 M. terrae ATCC15755
M. gadium ATCC27726 M. terrae DSMZ43540
M. gallinarum ATCC19710 M. terrae DSMZ43541
M. gastri ATCC15754 M. terrae DSMZ43542
M. genavense ATCC51234 M. thermoresistibile ATCC19527
M. gilvum ATCC43909 M. tokaiense ATCC27282
M. goodie ATCC700504 M. triplex ATCC700071
M. gordonae ATCC14470 M. triviale ATCC23292
M. gordonae group Ba KK33-08 M. tuberculosis H37Rv ATCC27294
M. gordonae group Ca KK33-53 M. ulcerans ATCC19423
M. gordonae group Da KK33-46 M. vaccae ATCC15483
M. haemophilum ATCC29548 M. valentiae ATCC29356
M. hassiacum ATCC700660 M. wolinskyi ATCC700010
M. heckeshornense DSMZ44428 M. xenopi ATCC19250
M. heidelbergense ATCC51253 Nocardia asteroids ATCC19247
M. hiberniae ATCC49874 Rhodococcus equi ATCC6939
M. interjectum ATCC51457 Gordona aichiense ATCC33611
M. intermedium ATCC51848 Gordona aurantiaca ATCC25938
M. intracellulare ATCC13950 Gordona bronchialis ATCC25592
M. kansasii ATCC12478 Gordona terrae ATCC25594
M. komossense ATCCC33013
a See Ref. [8].
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taining bacterial nucleic acids was used for polymerase chain
reaction (PCR) amplification. The reaction mixture was added
to the reaction tubes containing the DNA samples to reach afinal concentration of 1· PCR buffer, 400 lM of each of dNTPs,
2.0 pmol of each primer and 2.5 units of ampliTaq Gold DNA
polymerase (Applied Biosystems, Foster City, CA, USA) in a to-
tal volume of 50 ll and subjected to 40 cycles of PCR using a
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the 16S rRNA coding gene were as follows: primer 264;
50-TGCACACAGGCCACAAGGGA-3 0 and primer 285; 5 0-GAGAG
TTTGATCCTGGCT CAG-3 0 [17]. Specimens were incubated at
94 C for 30 s to melt the DNA, cooled to 60 C for 30 s to allow
for annealing, and incubated for 90 s at 72 C for DNA ampli-
fication. At the same time, rpoB was amplified using the same
instruments. The primers for rpoB were as follows: primer P1;
5 0-CGACCACTTCGGCAACCG-30 corresponding to rpoB gene
from positions 4 to 454 within HCR5, and primer P2; 5 0-TCG
ATCGGG CACATCCGG-30 corresponding to rpoB gene from
positions 547 to 577 within HCR6 [14]. Specimens were incu-
bated at 94 C for 60 s to melt the DNA, cooled to 66 C for
60 s to allow for annealing, and incubated for 60 s at 72 C
for DNA amplification. The primer pairs for 16S rRNAwere de-
signed based on the sequence data of many Mycobacterium
species andwill amplify genus specific region [17]. The primer
pairs for rpoB were designed from the conserved region of
rpoB and will react with rather a wide range.
PCR products were recognized by 2% agarose gel electro-
phoresis and purified using SUPREC-02 spin columns (Takara
Bio Inc., Tokyo, Japan). The purified DNA product was sub-
jected to direct sequencing using an ABI377 automatic se-
quencer (Applied Biosystems) and dGTP BigDye Terminator
Cycle Sequencing FS Ready Reaction Kit (Applied Biosystems)
according to the manufacturer’s instructions. The obtained
16S rRNA sequence data was subjected to Ribosomal Differen-
tiation of Microorganisms (RIDOM) on the web site (http://
www.ridom-rdna.de/) for similarity searches.
For rpoB, the sequence was aligned with the rpoB sequence
database, which was prepared by sequencing 105 Mycobacte-
rium strains (reference strains and clinical isolates) and 6
reference strains of mycolic acid-containing bacteria (see
Table 1).
Similarity analysis
For similarity analysis, the 440 of >1400 bp amplicon in 16S
rRNA [18] and the 306 of 351 bp amplicon in rpoB were
subjected to the database [14,15]. A lower cutoff value, for
example 98%, gives some disadvantages for discrimination
of neighboring species. Indeed, M. chlorophenolicum and
M. chubuense which have 99% similarity, cannot be differenti-
ated by 98%-cutoff; alsoM. senegarense andM. porcinum have a
98.7% similarity by rpoB. In conclusion, 99%-cutoff value was
accepted in our laboratory database (data not shown).
GENETYX-PDB Ver.4.1 software (Software development,
Tokyo, Japan) was employed for alignment of the sequences,Table 2 – List of unidentified isolates by rpoB method.
Strain Growth Pigment Growth temp. (C) Con
and28 37 42
177 S Non + + 
239 S Photo + + 
387 S Non + + 
542 S Scoto + + 
a Percentage of similarity.and 98% and 99% [14] similarity were adopted for species
identification by 16S rRNA and rpoB, respectively.
The discrimination power of rpoBmethodwas investigated
in this research’s laboratory by calculating the similarity
against the closest species in the reference Mycobacterium
strains. One hundred and five Mycobacteria were shown in
Table 1; 95 strains out of 105 were discriminated by rpoB
(90%). In case of 16S rRNA, 75% were discriminated (data
not shown).
Results
Out of 172 strains tested, 108 strains were recognized by con-
ventional method and commercial kits. Thirty-two strains
were identified by conventional methods, AccuProbe, 16S
rRNA gene and rpoB analyses. These strains were as follows:
M. tuberculosis complex (23 strains) andM. gordonae (9 strains).
Eight out of 9 M. gordonae strains are included in groups B, C
and D [16]. An additional 72 strains were consistently identi-
fied by conventional methods, DDH, 16S rRNA gene and rpoB.
They were M. abscessus (12 strains), M. avium (10 strains), M.
intracellulare (9 strains), M. kansasii (7 strains), M. fortuitum
(11 strains),M. xenopi (8 strains),M. szulgai (7 strains),M. chelo-
nae (3 strains),M. simiae (2 strains), M. marinum (2 strains) and
M. peregrinum (1 strain). However, 4 strains were identified by
conventional method and commercial kits and 16S rRNA, but
unidentified by rpoB (see Table 2).
It was difficult or impossible to identify the remaining 64
strains by conventional methods, AccuProbe and DDH.
Forty-two out of 64 strains were identified by 16S rRNA and
rpoB sequence analysis. M. aurum (1 strain), M. heckeshornense
(2 strains), M. parafinicum (1 strain), M. shimoidei (3 strains),
M. mucogenicum (7 strains),M. conspicuum (2 strains),M. neoau-
rum (2 strains), M. szulgai (2 strains), M. malmoense (2 strains),
M. triplex (5 strains), M. porcinum (2 strains), M. abscessus
(1 strain), M. chelonae (2 strains), M. mageritense (3 strains), M.
lentiflavum (3 strains), M. wolinsky (1 strain), M. lactis/M. hiber-
niae/M. engbackii (1 strain),M. smegmatis (1 strain), andM. inter-
medium (1 strain). The remaining 22 strains were indicated in
Table 3. Thirteen out of 22 strains were identified by 16S rRNA,
but not analyzed by rpoB. The rpoB similarity analysis did not
satisfy the 99%-criterion for identification. The strains were
identified as follows: M. terrae (8 strains), M. triplex (2 strains),
M. obuense (1 strain), M. acapulcensis (1 strain) and M. fluoroan-
thenivorans (1 strain). Furthermore, the 2 M. triplex strains
were not in agreement by 16S rRNA and rpoB with M. montefi-
orense, which was reported asM. triplex-like [19]. Four out of 22
strains were identified by rpoB, but they were not identified byventional methods
DDH or AccuProbe
16S rRNA (%)a rpoB (%)a
M. terrae M. terrae (100) M. terrae (93.2)
M. simiae M. simiae (99.3) M. simiae (98.7)
M. terrae M. terrae (99.5) M. terrae (95.4)
M. gordonae M. gordonae (99.5) M. szulgai (94.8)
Table 3 – Comparision with 16S rRNA and rpoB in clinical isolates.
Strain Growth Pigment Growth temp. (C) Conventional
methods
(include DDH
or AccuProbe)
16S rRNA (%)a rpoB (%)a
28 37 42
103 I Non + +  Unidentified M. terrae (99.3) M. terrae (94.1)
189 R Scoto + +  Unidentified M. fluoroantherivorans (99.8) M. peregrimum (97.4)
274 I Scoto + +  Rapid grower M. acapulcense (100) M. acapulcense (96.4)
346 S Non + +  Unidentified M. terrae (99.1) M. terrae (95.1)
403 S Non + +  Unidentified M. terrae (98.8) M. terrae (95.4)
568 S Non + +  Unidentified M. terrae (98.3) M. terrae (96.4)
659 S Non + +  Unidentified M. triplex (98.8) M. triplex (96.7)
660 S Non + +  Unidentified M. terrae (99.3) M. terrae (96.6)
680 S Non + +  Unidentified M. terrae (99.8) M. terrae (94.1)
681 S Non + +  Unidentified M. terrae (99.3) M. terrae (94.1)
683 S Non + +  Unidentified M. triplex (99.0) M. triplex (96.1)
719 S Non + +  Unidentified M. terrae (98.4) M. terrae (96.4)
732 R Scoto + +  Unidentified M. obuense (99.8) M. obuense (96.7)
85 R Scoto + +  Nocardia sp. No amplification by PCR Gordona cus aichiense (100)
94 R Scoto + +  Nocardia sp. No amplification by PCR Gordona bronchiense (100)
481 S Scoto   + Unidentified M. celatum (97.1) M. celatum Type II (100)
693 S Scoto  + + Unidentified M. celatum (97.3) M. celatum Type II (99.7)
216 S Scoto  +  Unidentified M. simiae (92.8) M. scrofulaceum (97.1)
271 S Non + +  Unidentified M. terrae (97.6) M. cookii (94.4)
279 S Non + +  Unidentified M. terrae (97.2) M. conspicuum (94.4)
577 S Non  +  Unidentified M. tuberculosis (96.7) M. scrofulaceum (93.8)
721 S Non + + + Unidentified M. poriferae (94.0) M. terrae, M. nonchromogenicum
(94.4)
a Percentage of similarity.
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bronchialis and twoM. celatum type II (ATCC 51130) [20]. Finally,
5 strains were not identified by any method employed in the
present study. Strain 216 was 92.8% identical to M. simiae by
16S rRNA, but 97.1% to M. scrofulaceum by rpoB. Strain 271
was 97.6% identical to M. terrae by 16S rRNA, but 94.4% to M.
cookii by rpoB. Strain 279 was 97.2% identical to M. terrae by
16S rRNA, but 94.4% to M. conspicuum by rpoB. Strain 577
was 96.7% identical to M. tuberculosis based on 16S rRNA,
but 93.8% to M. scrofulaceum by analysis of rpoB. Additionally,
strain 577 recognized negative for niacin accumulation and
M. tuberculosis complex of AccuProbe. Moreover, it was a very
dysgenic growth. Strain 721 was 94.0% identical toM. poriferae
by analysis of the 16S rRNA, but 94.4% toM. nonchromogenicum
and M. terrae by rpoB.
Discussion
For the present study, both 16S rRNA and rpoB sequences have
been evaluated by phylogenetical analysis using standard
strains and the clinical isolates used in this research. Up to
the present, no clear guideline or cutoff value has been indi-
cated for the computer-aided 16S rRNA similarity identifica-
tion system. Referring to several previous reports, the range
is 0–2.0% [18]. The reference strains were evaluated by phylo-
genetical analysis with 16S rRNA sequencing, and the diver-
gence was found to be less than 2.0% (data not shown).
Then, 98% similarity was tentatively employed for 16S rRNA
sequencing identification. In the same way, for rpoB, 99%-cut-
off value was employed from the database. The rpoB gene
analysis showed satisfactory discrimination power for Myco-bacterium species with 1% heterogeneously species diversity.
Kim et al. [14,15] reported that the heterogeneously species
diversity is within 1%, thus setting the identification criterion
as 99%. Then, two identification methods were used with 98%
and 99% similarity, respectively, in the present study.
Conventional cultural and biochemical methods are the
standard for Mycobacterium species identification in many
countries. However, all clinical isolates are not phenotypically
identical to a ‘‘type strain’’, and conventional tests are occa-
sionally erroneous. For example, M. szulgai is approximately
greater than 69% of strains positive for the urease test [4],
but some negative exceptions occur. Additionally, conven-
tional identification methods are time-consuming, as
typically seen with dysgonic growth. The molecular identifi-
cation is methodologically concordant and rapid compared
with the conventional methods. The common commercial
kits for molecular identification that are available in Japan
are AccuProbe and DDH. They can cover the major isolates
typically found in hospitals and commercial laboratories,
but cannot identify rare Mycobacterium species. Therefore, it
is essential to establish an effective and reasonable identifica-
tion algorithm for possible Mycobacterium infections.
In the present study, 16S rRNA gene similarity analysis
allowed the identification of many species in one step. The
system for sequencing was based on simple PCR amplifica-
tion. RIDOM searches for 16S rRNA were easy to search, and
provide peer-reviewed entries along with extensive sequence
data comparing with the other databases, e.g., GenBank and
MicroSeq 500 [18,21].
However, 16S rRNA and rpoB cannot distinguishM. tubercu-
losis, M. bovis,M.microti, and M. africanum;M. avium subsp. avi-
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and M. avium subsp. silvaticum; M. engbaekii, M. lactis, and M.
hiberniae;M. marinum andM.ulcerans;M. fortuitum subsp. fortu-
itum andM. fortuitum subsp. acetamidolyticum. As for the other
indistinguishable species, 16S rRNA method cannot differen-
tiate M. kansasii from M. gastri, M. malmoense from M. szulgai,
M. abscessus from M. chelonae, M. peregrinum from M. septicum,
respectively, but rpoB can distinguish between them. Additionally,
rpoB can amplify the gene from Nocardia, Rhodococcus and Gordo-
na (see Fig. 1).
RpoB gene has high genetic heterogeneity compared with
16S rRNA gene and could be used to identify the species that
could not be clearly differentiated by analysis of 16S rRNA
gene. For example, in the results, M. malmoense showed
99.7% and 99.2% similarity to M. malmoense and M. szulgai by
16S rRNA analysis, respectively, and could not be identified
with the designated criterion. On the other hand, rpoB indi-
cated 99.7% similarity toM. malmoense and 91.2% toM. szulgai.
Analysis of the rpoB gene effectively differentiated species
when the 16S rRNA gene showed high similarity to multiple
species.
In the results, 3 strains were over 98% homology to M.
abscessus andM. chelonae by 16S rRNA. One strain agreed with
Korean isolate CA P97E-03 by rpoB. Two other strains were
identified as M. chelonae chemovar. niacinogen although they
were niacin accumulation test negative. Additionally, the dis-
crepancies indicate that genospecies and taxospecies are not
always concordant and this implies the existence of regional
variants and possible new subspecies.Fig. 1 – Flow chart for identification ofMycobacterium species. (a)
andM. malmoense;M. kansasii andM. gastri;M. peregrinum andM
M. senegalense; M. fortuitum and M. porcinum. (b) Includes NocarAs indicated above, rpoB was useful for species differenti-
ation. However, two strains were identical toM. terrae (strains:
177 and 387), one strain was M. simiae (strain: 239) and the
other one was M. gordonae (strain: 542) by both 16S rRNA
and conventional method, but not identified by rpoB (see Ta-
ble 2). Strain 542 was identical to M. gordonae by AccuProbe
and 16S rRNA, DDH, but rpoB could not identify it. Kirschner
and Bottger [22] found several genetic microheterogeneities
in the 16S rRNA gene of M. gordonae. Genetic heterogeneity
of clinical M. gordonae isolates were reported and were classi-
fied into four possible subgroups utilizing rpoB heterogeneity
[16]. Although strain 542 did not belong to any subgroup,
these facts might indicate that M. gordonae has several geno-
species and may have a regional or clinical specific character.
Several M. terrae and M. triplex strains could not be identi-
fied by rpoB analysis alone, although 16S rRNA could identify
it. M. terrae strains showed heterogeneously species diversity
based on rpoB sequences ranging from 94.1% to 96.7% similar-
ity to the type strain (see Table 3). Kusunoki et al. reported
that a certain percentage of clinical M. nonchromogenicum–ter-
rae–triviale complex (M. terrae complex) isolates do not hybrid-
ize with the type strain DNA probe. These data also support
the existence of diversity inM. terrae complex clinical isolates
[8]. Two strains (271 and 279) were not identical to M. terrae
even by 16S rRNA and rpoB. Therefore, further study will be re-
quired for the genetic identification of the M. terrae complex.
In conclusion, it is recommended that this stepwise iden-
tification algorithm (see Fig. 1) utilizing the 16S rRNA gene
and rpoB be used since they are effective for the species iden-Indistinguishable strains were shown as follows: M. szulgai
. septicum;M. chelonae andM. abscessus;M. farcinogenes and
dia spp., Rhodococcus spp., and Gordona spp.
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quence is performed with single primer 285, but rpoB require
forward and reverse primer, respectively. For this reason, this
strategy will save time and lower the cost of analysis. In prac-
tice, the 16S rRNA gene of the test strain will be sequenced,
and if more than two possible species are indicated or there
are unidentified strains or if there is no amplification by
PCR, the rpoB gene will then be sequenced. If even the rpoB
method could not discriminate or identify any specific Myco-
bacterium species, the conventional methods will offer a final
contribution. This experience has shown that a clinical iso-
late was identified asM. marinum by DDHmethod andM. mar-
inum or M. ulcerans by RIDOM, and it was further identified as
M. marinum, M. ulcerans or M. shinshuense by rpoB method. In
fact, it was identified as M. shinshuense by a conventional
method. This isolate was a scotochromogenic, slow grower
at 28 C, but not grown at 37 C; it was negative for urease
and arylsulfatase activity. Taken together with 16S rRNA
method by Portaels et al., it was defined as M. shinshuense
[23,24].
Although further study will be required to resolve the
problems related to the M. terrae complex and other difficult
species, as well as to further increase the accuracy of this sys-
tem, this three-step analysis method will be useful in clinical
practices at present.
In this study, the cloned PCR products were not sequenced.
The results of 5 unidentified strains did not seem to be a re-
sult of direct sequencing of rpoB PCR products. Furthermore,
it might be provide useful information to this research. An-
other study is in the planning stage using unidentified strains
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